1. Introduction
===============

Femoral neck fracture is one of the most common reasons for admission of elderly patients to the acute orthopedic ward, accounting for 48.22% of hip fractures and 3.13% of all fractures in adults.^\[[@R1]\]^ These injuries generally require surgical treatment to restore the normal range of motion in order to perform activities of daily living. The mortality rate associated with a femoral neck fracture is approximately 30% during the first year after surgical repair^\[[@R2]\]^; most deaths are because of comorbidities and postoperative complications,^\[[@R3]\]^ among which surgical site infections (SSI) plays an important role.^\[[@R4]--[@R7]\]^ When SSI occurs, patients may require readmission and reoperation to exchange or remove the surgical hardware.^\[[@R7]--[@R14]\]^ From an economic perspective, SSI can cause prosthetic loosening and the need for revision surgery, increased antibiotic use, and prolonged hospital stay, and it represents an increasing financial burden within the total healthcare expenditure.^\[[@R15],[@R16]\]^ As reported by Edwards et al, when compared with uninfected hip fractures, the cost of treating a patient with a deep wound infection represents approximately a 3 fold increase.^\[[@R7]\]^

Most previous studies have focused on specific pathomechanisms or individual clinical populations, such as microbiologic features,^\[[@R17]\]^ patients with diabetes mellitus (DM),^\[[@R18]\]^ and deep wound infection,^\[[@R19]\]^ or the cost-effectiveness of prophylactic antibiotic use.^\[[@R7]\]^ Additionally, because of the use of univariate analyses rather than multivariate analyses, the correlations between SSI and certain risk factors and comorbidities have been reported as inconclusive and their independent effects have not been confirmed.^\[[@R17]\]^

On the basis of this, the objectives of this study were to assess the incidence and risk factors including diabetes and other potential comorbidities for the development of SSI after surgical repair of femoral neck fracture by evaluating all suspected risk factors from collected clinical data. Recognition of risk factors is valuable for the accurate estimation of individual patient risk associated with femoral neck procedures, and may serve as the basis for further clinical studies evaluating prophylactic therapy.

2. Methods
==========

2.2. Ethics statement
---------------------

The study design was reviewed and approved by The Third Hospital of Hebei Medical University (THHMU) Human Research Ethics Committee (IRB number: no. KE2014-015-1).

2.3. Inclusion and exclusion criteria
-------------------------------------

This is a single center, retrospective, case--control study performed in the Department of Orthopedic Surgery at THHMU. We retrospectively evaluated patients who were admitted over a period of 18 months (January 2015--June 2016). Data on all patients aged 18 years or older with acute closed femoral neck fractures treated surgically were collected from the medical records. Old fractures (\>21 days from initial injury) and pathological fractures were excluded. Patients who were admitted only for SSI treatment but without initial surgery at our hospital were not included in this analysis. Patients whose information was unavailable or incomplete were excluded. Finally, patients were divided into 2 groups according to the occurrence of SSI. The case group was defined as patients with SSI and the control group was defined as patients without SSI. The flow chart representing the selection of study participants is shown in Figure [1](#F1){ref-type="fig"}.
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To analyze risk factors, data concerning patient factors, inciting accident, fracture factors, surgical procedures, and laboratory analyses were collected from the medical record management system (MRMS) of our hospital by 2 well-trained members of the study team.

2.4. Definition of SSI and related variables
--------------------------------------------

According to the Center for Disease Control standard for SSI, we defined SSI as superficial and deep. Deep infections must meet at least 1 of the following criteria: infection surpassing the deep fascia; persistent wound discharge or dehiscence; visible abscess or gangrene requiring surgical debridement; and implant removal or exchange. A superficial SSI was diagnosed if the patient received antibiotic treatment for wound signs and symptoms (redness, swelling, warmth, and pain) but did not meet the criteria for deep infection, irrespective of the microbiology result.

The following data were collected from the medical records of each patient and recorded in a standardized form. First, demographic characteristics, including age, sex, height, weight, lifestyle factors, underlying medical diagnoses, living environment (rural or urban), injury mechanism (low or high energy), injury type (closed or open), and side of injury, were collected from the admission records. Second, surgery characteristics, including data on whether operation time was between May and September, time from admission to initiation of surgery, duration of operation, fixation type, anesthesia methods (local, general, or combination), and intraoperative blood loss were collected from the surgery and anesthesia notes. Third, data on antibiotic use (preoperative, intraoperative, and/or postoperative) and application of a drainage tube postoperatively were collected from physician and nursing records. Fourth, patients' lifestyles, underlying medical diagnoses, and long-term medications were obtained directly from past medical history in the MRMS and were expressed as "present" or "not." These factors included smoking statusDM, hypertension, coronary heart disease, anemia, rheumatism, nephropathy, chemoradiotherapy, asthma, history of allergic, and operation in any site. Medications including immunosuppressant, corticosteroids, and others were administered. Finally, we documented laboratory values and divided them into normal range, above normal range, and below normal range. These variables included preoperative white blood cell, neutrophil, lymphocyte, monocyte, eosinophil, basophil, and red blood cell (RBC) counts; hemoglobin (Hb), platelet, serum total protein, albumin, and globulin levels; and the albumin/globulin ratio.

Body mass index (BMI) was calculated as the weight divided by the square of the height, patients were grouped according to the Chinese reference criteria: underweight, \<18.5; normal, 18.5--23.9; overweight, 24--27.9; obesity, 28--31.9; morbid obesity, 32 and above. The patients were divided into 2 groups according to the volume of intraoperative blood loss: less than 400 ml and more than 400 ml. Injury mechanism was classified as low energy if fractures were caused by falls from standing height and as high energy if they were caused by falls from a greater height, traffic accidents, and other causes. Preoperative stay was defined as the interval between injury occurrence and surgery and was divided into 2 groups: \<7 days and ≥7 days. Fixation types were divided into 2 groups: osteosynthesis or artificial hip joint prosthesis. Preoperative use of antibiotic was defined as antibiotic use up to 1 hour before the first scalpel cut. Postoperative use of antibiotic was defined as antibiotic use beginning the first day after the operation. We used digits to quantify patients' preoperative coexisting injuries, with larger numbers representing worse bodily function status. We added "1" if patients sustained trauma to 1 of the following systems: musculoskeletal, abdominal, cardiothoracic, urogenital, vascular, and central nervous systems. For multiple injuries of the same system, we added only "1" to the total digits. For example, for a patient with concurrent pulmonary contusion and traumatic pleural effusion or a patient with concurrent greater Garden III fractures, we added only "1" in the tables.

2.5. Statistical analysis
-------------------------

Data were analyzed using SPSS statistical software, version 19.0 (IBM, Armonk, NY). Categorical variables are expressed as numeric values (percentages) and compared using the *χ*^2^ test or Fisher exact test, as appropriate. Continuous variables are expressed as median values (interquartile ranges \[IQRs\]) and were compared using the *T* test or Mann--Whitney *U*-test depending on the data distribution (equal variance and normality or not).

Univariate logistic analysis was performed to evaluate the association between each categorical variable and SSI. The significance threshold was set at *P* \< .05. Finally, all variables were entered into a multivariable logistic regression model to determine their independent effects on SSI occurrence. The Hosmer--Lemeshow test was used to examine the goodness-of-fit of this model, and a *P* value \> .05 indicated acceptable fitness.

3. Results
==========

3.2. Overall fracture characteristics
-------------------------------------

During the study period, a total of 709 patients meeting the inclusion and exclusion criteria were initially screened and 692 (692 fractures) were ultimately analyzed, after exclusion of 2 cases of patient death and 15 cases with incomplete data. All were closed fractures, including 263 males and 429 females. The mean age was 69 years (IQR, 59--78; range, 18--95) among patients without SSI and 69.5 years (IQR, 58.5--75; range, 44--88) among patients with SSI (*P* = .649). Over 70% of patients were aged 60 years and older, including 490 (73.6%) patients in the non-SSI group and 19 (73.1%) patients in the SSI group.

3.3. Characteristics of SSI
---------------------------

Twenty-six of the 692 patients developed SSI; 24 (3.47% \[95% confidence interval (CI) 2.10--4.83%\]) were superficial and 2 (0.29% \[95% CI 0.11--0.69%\]) were deep, representing an incidence rate of 3.76% (95% CI 2.34--5.17%). The earliest diagnosis of SSI occurred at the 4th postoperative day, whereas the latest presentation was at the 15th postoperative day; the median time from surgery to diagnosis of SSI was 7 days. The timing of SSI is reported in Figure [2](#F2){ref-type="fig"}. Demographically, there were no statistically significant differences between the SSI and non-SSI groups, although the mean age was somewhat older in the SSI groups (69.5 vs 69 years) (Table [1](#T1){ref-type="table"}). Regarding preoperative variables, the SSI group did not differ from the non-SSI group in terms of preoperative stay (5 vs 4 days, *P* = .129), intraoperative blood loss (296 vs 279 ml, *P* = .380), or surgery duration (108 vs 110 minutes, *P* = .634). Surgery was performed a median of 4.6 days after the injury. A total of 238 patients were operated upon within 2 days; among these, 13 developed SSI. A total of 347 patients were operated upon from the 3rd to 7th day after injury, among whom 10 developed SSI. The remaining 107 patients were operated upon at least 7 days after hospital admission; among them, 3 developed SSI, including 2 cases of deep SSI (*χ*^2^ = 2.918, *P* = .233). The mean total duration of hospital stay was 15.0 days overall, 19.0 days in the SSI group (1 patient with deep SSI with a stay of 26 days, the remaining patients with stays of 14 days) and 14.8 days in the non-SSI group; this difference was statistically significant (*P* \< .001).
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Comparison of continuous variables in patients with and without SSI.
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3.4. Univariate and multivariate analyses
-----------------------------------------

In the univariate analysis, surgery between May and September (*P* = .003), concurrent injuries (*P* = .016), BMI = \>28.0 (*P* \< .001), DM (*P* \< .001), rheumatism (*P* = .013), corticosteroid therapy (*P* \< .001), asthma (*P* \< .001), history of anemia (*P* = .042), intraoperative use of antibiotics (*P* = .037), preoperative RBC count (*P* = .019), and preoperative Hb (*P* = .017) were identified as significant risk factors for SSI. Other factors, including demographic information, other underlying diseases, preoperative factors, and other laboratory variables were not associated with SSI occurrence. Detailed information is presented in Table [2](#T2){ref-type="table"} .
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Univariate analysis of factors associated with SSI of femoral neck fractures after operative.
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Univariate analysis of factors associated with SSI of femoral neck fractures after operative.
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In the multivariate model, surgery between May and September, abnormal BMI, corticosteroid therapy, underlying disease DM, anemia, and lower preoperative Hb were independent risk factors associated with SSI, with adjusted odds ratios (ORs) of 4.255 (1.6--11.346), 1.624 (1.046--2.523), 27.966 (3.107--251.727), 5.881 (2.232--15.500), 5.087 (1.066--24.272), and 3.446 (1.438--8.261), respectively, after eliminating the effects of confounding factors. The results of the Hosmer--Lemeshow test demonstrated adequate fitness (*χ*^2^ = 10.645, *P* = .223). Detailed information is presented in Table [3](#T3){ref-type="table"}. The power of the DM in logistic regression modal is approximate 95% using post hoc power analysis (alpha = 0.05, beta = 0.0548).

###### 

Multivariate analysis of factors associated with SSI after instrumented femoral neck surgery.
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4. Discussion
=============

The SSI rate observed in this study (3.76%) was within the range of previously reported rates after surgery for femoral neck fracture (2--7%).^\[[@R10],[@R20]--[@R25]\]^ Studies published in 2000 indicated that deep SSI associated with hip fractures occurred at a rate of 1.3 to 3.6%^\[[@R26]\]^ and nearly 30% of them occurred after discharge.^\[[@R23]\]^ Because of a lack of follow up after discharge, some delayed and late infections may not be captured in the present study, which could partly explain why only 2 cases of deep SSI (0.29%) were identified. Therefore, the overall SSI rate calculated in our study is lower than most previous reports, especially for deep SSI.

DM has been confirmed to have a significant association with deep infection and an increased risk of mortality associated with hip fractures.^\[[@R18],[@R5],[@R27]\]^ The present study ascertained DM was an increased risk of SSI after femoral neck fracture. There are several path mechanisms underlying SSI in patients with DM that could explain this phenomenon. When microangiopathy is present, impaired nutrition and oxygen delivery to the peripheral tissues could reduce the systemic ability to resist infection. Poor blood glucose control results in impaired leukocyte functions such as adherence,^\[[@R28]\]^ chemotaxis,^\[[@R29],[@R30]\]^ phagocytosis, and intracellular elimination of pathogens.^\[[@R31]\]^ Defective fibroblast proliferation and impaired red collagen synthesis could delay wound healing.^\[[@R32]\]^ Neuropathy with autonomic system damage causes the skin to dry and crack, destroying its integrity and its ability to resist infection.^\[[@R33]\]^ Several previous studies have found obesity to increase the odds of SSI from 2.2 to 7.1 fold, with statistical significance.^\[[@R12],[@R34]--[@R36]\]^ The algorithm used in our study divided BMI into 5 levels (normal: 18.5--23.9; underweight: \<18.5; overweight: 24--27.9; obesity: 28--31.9; morbid obesity: \>32) and the adjusted OR was 1.624. This indicates that BMI values both above or below the normal range are risk factors for SSI in femoral neck fractures. A survey of 30,000 wounds published by Cruse and Foord found that adiposity and malnutrition were both predisposing factors for infection.^\[[@R37],[@R38]\]^ On the basis of these results, the current authors hypothesized that the reason why abnormal BMI had a negative influence on SSI following femoral neck fracture is that 73.6% of patients in this study were aged 60 years and older and thus would have an overall poor health condition. These assumptions remain to be confirmed. Corticosteroid therapy was identified as a factor associated with SSI in the survey by Cruse and Foord because of its immunosuppressive effect.^\[[@R37],[@R38]\]^ The roles of DM, abnormal BMI, and corticosteroid therapy as independent risk factors for SSI have been discussed repeatedly, and these diagnoses represent established significant risk factors for SSI after surgical repair of femoral neck fractures.^\[[@R18],[@R5],[@R27],[@R37],[@R38]\]^ The mechanisms of these associations are well-established, including vasculopathy, neuropathy, and vasospasm resulting in inhibition of wound healing and impaired immune function, thereby predisposing patients to infectious complications.^\[[@R39]--[@R41]\]^ How to more effectively manage patients with these metabolic disorders and the side effects of corticosteroid therapy, in particular, the optimal timing of surgery and the most appropriate operative approach, remains a concern. It is therefore advised that DM should be well controlled before elective surgery and patients should be encouraged to lose weight, if possible, before femoral neck surgeries. If patients are unable to avoid corticosteroid therapy, more aggressive measures should be taken to reduce the risk of SSI.

A history of anemia and lower preoperative Hb level (\<120 g/L in males or \<110 g/L in females) were first reported as risk factors for SSI following surgical repair of femoral neck fractures, although they were later reported to also be risk factors for SSI after spine surgery and colorectal surgery.^\[[@R42]--[@R46]\]^ A low preoperative Hb level was associated with a higher risk of serious morbidity or death in patients with cardiovascular disease than in those without cardiovascular disease, and has also been reported as a significant independent predictor of mortality, length of hospital stay, and postoperative pneumonia in noncardiac surgical patients.^\[[@R47]\]^ We predicted that the same adverse consequences would exist following surgery for femoral neck fractures. In this study, a history of anemia, which was present in 15.4% of the SSI group and 5.4% of the non-SSI group, and lower preoperative Hb, present in 38.5% of the SSI group and 18.8% of the non-SSI group, were significant risk factors in the final multivariate analysis (*P* = .041, *P* = .006). When comparing studies, however, differences in the definition and severity of anemia must be recognized. Preoperative anemia and a history of anemia were found to be risk factors associated with SSI in the current analysis. However, a systematic review and meta-analysis found that allogeneic blood transfusion is a risk factor for postoperative bacterial infection.^\[[@R48]\]^ Therefore, how to manage and correct preoperative anemia remains a challenge for surgeons and researchers.

One potential factor contributing to an increased external risk of SSI is microbial contamination in the operating room.^\[[@R49],[@R50]\]^ Levels of CFU/m^3^ measured in the operating room were found to have a strong correlation with staff behavior and traffic, with increasing CFU levels for each door-opening and person present and with an increase in the duration of surgery.^\[[@R50],[@R51]\]^ Andersson et al^\[[@R51]\]^ reported that traffic flow, number of persons present, and the duration of surgery explained 68% of the variance in total CFU/m^3^. Humans shed large amounts of particles and skin fragments and constitute the main reservoir of air contaminants in the OR.^\[[@R52]\]^ Staff traffic may transfer bacteria and fungi within the operating room.^\[[@R53]\]^ The Healthcare Infection Society recommended an upper limit of contamination during surgery of \<180 CFU/m^3^.^\[[@R54]\]^ Lynch et al^\[[@R55]\]^ reported a mean rate of 40 door openings per hour for orthopedic total joint replacement, which must be considered in light of the strong correlation between the door opening rate and elevated CFU levels. It has been suggested that the levels be maintained at \<10 CFU/m^3^ during implant surgery and that clinical benefits can be expected by reducing the levels to 1 CFU/m^3^.^\[[@R56]\]^ The average temperature between May and September is above 20°C (68°) at the study location. To our knowledge, traumatic injuries occur most commonly in industrial and traffic accidents, and are significantly increased in these months because of an increased rate of dangerous daytime activities in a warm climate. Meanwhile, a large proportion of the individuals present during surgery were students or new recruits who observed surgery or were undergoing prejob training as part of their education from May to September. These 2 aspects together contributed to substantial microbial air contamination in the operating room during surgery, which correlates strongly with increased traffic flow. As a result, in the present study, surgery performed in these months represented an independent risk factor for SSI after femoral neck fracture surgery.

The strengths of this study include the analysis of consecutively treated patients over an 18-month period and the relatively large sample size. In addition, hospital care is standardized for all patients with femoral neck fracture at THHMU through the protocol-driven clinical care pathway. Limitations of the study include the retrospective design and the possible inaccuracy or misinterpretation of information abstracted from the medical records. Second, the condition of patients treated at a level 1 trauma center is more severe, and these patients do not represent the overall trend of SSI development. Finally, the lack of follow up after discharge may lead to missed cases of SSI.

In summary, we estimated an SSI incidence of 3.76% after femoral neck fracture surgery, with deep SSI representing 0.29% and superficial SSI representing 3.47% of cases. Our single-center study found that DM was an undisputed increase in the risk of SSI. And multiple and diverse factors were associated with an increased risk of SSI following surgery for femoral neck fractures, including abnormal BMI (\<18.5 and \>23.9), corticosteroid therapy, anemia, low preoperative Hb levels, and the performance of surgery between May and September. Preoperatively, patient treatment strategies should emphasize upon the management of patients' underlying medical condition, controlling body weight and blood glucose levels, correcting anemia, and cessation of corticosteroid therapy. In addition, surgeons should pay attention to avoid performing surgery between May and September.
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